Abstract: A 4-years period's hourly wind speed (v) data from four stations in Burundi have been statistically analyzed in this paper. Attempts have been made to fit the monthly relative frequency distributions of those data with beta probability density functions (β-PDFs), which are quite different from Weibull PDFs commonly met in that kind of analysis. For that effect, the v quantity has been replaced by the relative wind speed (v r = v/v max ), the values of which range from 0 to 1. The β-PDFs fitting the observed monthly relative frequency distributions of the relative wind speed data have been implemented for the twelve (v r ) data sets of each station. For every (v r ) data set, the effectiveness of the fitting procedure has been checked through three complementary statistical tests, namely: the mean bias error (MBE), the root mean square error (RMSE) and the t-statistics. For any of the 48 (v r ) data sets, the MBE and the RMSE have been found equal to or close to zero, and t was much lower than its critical value (t c = 3.250 for a confidence level γ = 99.5% and a number of degrees of freedom n-1 = 9). All the theoretical formulations (β-PDFs) obtained so far are therefore very good fits of the relevant observed monthly relative frequency distributions of hourly v r data. Moreover, contrarily to the Weibull PDFs, those β-PDFs accurately represent the probabilities of observing zero or very low wind speed. Consequently, they should be very useful input data in projects of wind energy conversion and/or storage systems at the stations of this study.
Introduction
The wind speed (v) in one of the physical quantities commonly recorded at a large number of meteorological stations. Its statistical properties are required when assessing the wind energy potential and planning a long-term mean performance of wind energy conversion and storage systems at a given site. Attempts have been made to represent the empirical frequency distributions of wind speed data by suitable analytical expressions playing the role of probability density functions (PDFs). The formulations usually met in that representation are the Weibull, Rayleigh, exponential and Gaussian (normal) PDFs. The last two ones are less employed than the others, as far as they exhibit a poor fit of the empirical frequency distributions of wind speed (and wind power density) data at low and high (v) values. Nevertheless, the Rayleigh and exponential PDFs are easier to utilize than the others, since they contain only the scale parameter (c), not the shape one (k) [1] [2] [3] [4] . At their turn, the Weibull PDF firstly and the Rayleigh one secondly, are the most commonly used expressions. Indeed, they exhibit a high capability to fit the empirical frequency distributions of wind speed and wind power density data [1] [2] [3] [4] [5] . However, the Weibull PDF and thus its offsprings, i.e the exponential and the Rayleigh PDFs (for which the shape parameter k is equal to one and two, respectively), have the important drawback of not accurately represent the probabilities of observing zero or very low (v) values. One has therefore to always remove such (v) values from empirical wind speed data sets in order to efficiently utilize that kind of PDFs [6] . Moreover, the use of an alternative hybrid Weibull PDF as well as referring to the Dirac delta function (DDF) has been proposed to work out the previous drawback (ref. no. 13 in [7] ).
The beta probability density functions (β-PDFs) make up another kind of formulations which we have decided to look at in this work. As a matter of fact, they have been demonstrated to fit empirical frequency distributions of the following quantities which range randomly from 0 to 1: the diffuse fraction (k d ) [8] , the daily relative sunshine duration (s r ) [9] and the daily clearness index (k t ) [10] . The random dimensionless variable to be analyzed in this paper is the relative wind speed (v r ). Its values are derived from wind speed (v) data from different Burundian stations. The objective is to fit the relevant monthly frequency distributions of empirical hourly relative wind speed data by suitable β-PDFs.
Materials

Selected Stations
The wind speed (v) data used in this study have been provided by the Geographical Institute of Burundi (IGEBU). They refer to the following four stations: Bujumbura (L = 29.35°E; ɸ = 3.38°S; Z = 800 m), Gitega (L = 29.90°E; ɸ = 3.42°S; Z = 1645 m), Kirundo (L = 30.12°E; ɸ = 2.58°S; Z = 1420 m), and Musasa (L = 30.10°E; ɸ = 4.00°S; Z = 1260 m). L, ɸ and Z are the longitude, the latitude and the altitude (above the sea level) of the stations, respectively, while E and S hold for East and South, respectively. Those stations have been selected according to the next two criteria: (i) the representability of the main geographical areas of the country; (ii) the matching of a reasonable long-term period of the data recordings.
Basic Data
At any of the four stations, the wind speed (v) has been measured at the height of 2 m above the ground level (AGL). Nevertheless, in most of the stations around the world, (v) data are recorded at a single reference height of 10 m AGL [11] . At their turn, the hub-heights of most operating wind energy conversion systems (WECS) are installed at heights higher than 20 m AGL: height levels of 40 m, 50 m and even 80 m AGL are reported for some state of the art WECS [12] . The selected (v) recordings also refer here to each day of the 4-years period from 1991 to 1994. The measurements were performed daily between 6:00 and 18:00 local time (LT), which means twelve hourly wind speed (v) data per day and per station. Therefore, a total number of 70128 (v) data was expected. But, due to recording discontinuities, 3675 (v) data were missing, and that has led to 94.76% of data collecting.
For the 4-years period and each station, the previous data have been arranged into twelve monthly data sets. Within a given set, the maximum value (v max ) of the hourly wind speed (v) data has been identified and then, the hourly values of the relative wind speed (v r ) have been computed as following:
; 0 1 (1)
Methodology
Observed Frequency Distributions
The process has led to 48 monthly data sets of hourly relative wind speed (x = v r ) data. In Eqs. (2) to (4), n =10 and the x i are the centers of the above mentioned intervals.
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Fitting Technique
According to the procedure followed in earlier works concerning the dimensionless quantities k d , s r and k t , respectively [8] [9] [10] , the (v r ) data of each monthly set can be represented by a random variable x which ranges continuously from 0 to 1. Moreover, the values of x are assumed to follow a β-PDF of the first kind, i.e.:
where β(p, q) is the beta distribution of the first kind, defined as ( ) ( )
with p > 0, q > 0 and the gamma functions expressed as
where m = p, q or p+q. The mean and the variance var (x) of that theoretical distribution are given by the following expressions, respectively:
For a given (v r ) data set, it is assumed that the mean ̅ and the standard deviation σ of the β-PDF to be determined are identical to the mean x m and standard deviation σ m of the observed frequency distribution of that (v r ) data set. Therefore, in practice, we firstly compute the quantities x m and σ m for the (v r ) data set under analysis. Secondly, we replace ̅ and σ 2 by x m and , respectively in eqs. (3.7) and (3.8) and then, solving both of them for p and q, we obtain the next relationships: p = Ax m (10) q = A(1-x m ) (11) 1 / 1 (12) Thirdly, once the parameters p and q have been determined as indicated previously, the curve of the β-PDF defined by the Eqs. (5) and (6) can be plotted on the same system of co-ordinate axes as the observed relative frequency curve.
Statistical Tests
In order to check the effectiveness of the fitting technique, we have performed the next three complementary statistical tests, which usefulness has been demonstrated in earlier works [13] [14] [15] [16] :
(1) the mean bias error (MBE):
where , and , are the observed and the theoretical relative frequencies (of the (x = v r ) data, respectively and n = 10 is the total number of intervals into which the (v r ) data set under analysis has been divided; (2) the root mean square error (RMSE):
(3) and the t-statistics:
The MBE test provides information on the long-term performance of the theoretical formulation. A MBE value equal (or close) to zero is desired. A positive value stands for average amount of underestimation in the theoretical formulation. The RMSE test provides information on the short-term performance of the theoretical formulation. It gives a term by term comparison of the actual deviation between the empirical and the theoretical values. The smaller the RMSE value, the better the formulation's performance. However, a few large errors in the sum can produce a significant increase in RMSE. A large RMSE consorted with a small MBE indicates a large scatter about the line of perfect estimation. At its turn, a small RMSE consorted with a large MBE expresses a consistently small over-or under-estimation. Therefore, although these two tests generally provide a reasonable procedure to compare a formulation with the observed data, they do not objectively indicate 
Results and
On the obs a
The thin line ative frequenc a sets at Bujum ir turn, the u ues of three ative frequenc e high value iation coeffic values about their mean in any of the previous distributions. Moreover, in almost all the observed frequency curves, the quantity f i,obs decreases continuously from low to high v r values. And since the (v r ) averages are quite low all the year-long for any of the four stations at the height level of 2 m AGL, the wind applications at those stations should be restricted to water pumping and other slow wind regime's applications. Nevertheless, data of table 1 also indicate that higher mean relative wind speeds occur in the dry season (from June-July to September-October) at any of the four stations: that is related to winter in the south hemisphere.
On the β-PDFs Fitting the Observed Frequency Distributions of (v r ) Data
The mean and lower parts of Tables Therefore, all the 48 β-PDFs implemented in study are very good fits of the relevant observed relative frequency distributions of (v r ) data.
Conclusions
The monthly relative frequency distributions of hourly relative wind speed data from four Burundian stations, a 4-years period and the height level of 2 m AGL have been firstly constructed in this study, and their main features have been pointed out. Then, the theoretical β-PDFs of the first kind which fit those distributions have been implemented. The efficiency of the fitting procedure has been checked through three complementary statistical tests, namely the MBE, the RMSE and the t-statistics. For any of the 48 (v r ) data sets, the MBE has been found equal (or close) to zero, the RMSE was very low and the t variable was much lower than its critical value. Therefore, the values of all the theoretical β-PDFs obtained so far are very good fits of their empirical counterparts. Moreover, contrarily to the Weibull PDFs, the β-PDFs of this study represent accurately the relative frequencies of observing the entire range of the relative wind speed (x = v r ∈[0; 1]), including the observation of zero or very low (v r ) values. Consequently, those formulations should be very useful input data in any project of WECS at the stations of this analysis.
